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Report No., 345/6
Watertown Arsenal June 24, 1937

TINLESS SOLDER INVESTIGATION

Conclusiong

1, A lead-cadmium-zinc mixture of 79-82% Pb,
17-20% Cd, 1-2% Zn, makes a solder equal or superior
(with some materials) to half and half lead~-tin solder
in its tensile strength of soldered lap jointe.

2. The above mirture 1s the euteotio mixture of
lead and cadmium to which hae been added 1l-2% zino.

3. By soldering uncoated plates of bright annealed
sheet 1ron and sheet brass with this mixture, the tensile
strength in shear is far superior to half and halt lead-
tin solder.

4. By soldering coated thin (,016") plates of tin-
plate, terne-plate and galvanized iron with this mixture,
the tenesile strength in shear is only slightly greater
than soldering with half and half lead-tin solder.

6. By soldering ocated thiock (,035") plates of tin-
plate, terne-plate and gelvanized iron with this mixture,
the tensile strength in shear in considersbly greater
than soldering with half and half lead-tin solder.
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6. The soldering copper temperature must be at
least 100°C higher (about 400°C) when soldering with this
mixture than when soldering with half and half lead-tin
solder. Unless this is taken into acocount, it is a dlg=
advantage because incomplete soldered joints will result,
thereby giving poor, erratic results.

7. The tensile strengtas of soldered lap Jjoints
are so good thet other physical and corrosion properties
should be studied.

8. At pregent the price® of metalllioc ocadmium is so
high that this mixture probably could not compete commer-
cially with half and half lead-tin solder, except where

greater strengths of soldered lap joints are required.

*Market quotation as given in Ind, & Eng. Chem., June 1937,
Cadmium $1.20/1b; Tin $.54 5/8 per 1lb; Lead $.06/1b;
Zirc $.076/1b,
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Experimental

This report is a oontinuation «f the investigation
reported in the Experimental Report No. 377A,

Some sixty mixtures had been made of the lead-cadmium
eutectic, to whioch had been added various small amounts of
biemuth, zinc and tin, These additions had been made
either singly or in ocombination with the othere. A max-
imum of 10% and a minimum of 1% of any of thess elements
were used,

Prelinminary teste were in many oases erratic, even
though the temperature of the soldering oopper was thermo-
statically oontrolled to within +10% C. Numerous other
factore were kept oonstant, euch as the pressure on the
overiapping plates, length of time the solder remained
liquid, the temperature of the plate preheating, width of
lap, etc. The tests were so erratio that a satiefactory
average oould not be obtained except by the Method o~
Least Squares applied to many tests. That was ésagﬁdcrud
a factor which was variable and not suffioiently oontrolled.
Examination of the broken tests revealed that the size of
the fillet varied considerably. An experiment using half
and half solder with variable fillets showed that the eize
of the fillet had tremendous effect on the shear etrength

of the eoldered lap Jjoint.



Table I*

A. Plates tinned and excess solder wiped off while still

o
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melted., Joint sweated together.
All joints broke in tinsmith's snear when pre-

paring test speocimens.

Plates tinned, soldered, and top and bottom fillet
filed off with a square file.

5600 1bs/in?

4800 1bs/1n?

4800 1bs/in?

5000 1bs/in2 Average 5000 1bs/in®

Plates tinned, soldered, making as small a fillet as
possible. Fillet did not cover more than one-half the
thickness of .N26" plate.

5600 1be/1n?

6000 1bs/1in%

5800 1bs/in®

5800 1bs/in% Average 5800 1lbs/in®

Flates tinned, soldered. Top fillet wiped {0 a conoave
fillet., Fillet wet top of upper plate. Bottom fillet

filed off.
6300 lbs/in?

6700 1bs/1n®
6200 1lbs/1in®
6200 1bs/1in® Averags 6400 1lbs/in2

-t

o



Table I* (Cont'a)

E. Plates tinned, soldered. Top fillet convex but
Just flush with upper plate. Bottom fillet filed off.
7300 1bs/1n®
8000 1bs/in®
8000 1bs/in®
7500 1lbs/1in® Average 7800 lbs/in®

F. Plates tinned, soldered. Top flllet oonvex but
covers ocompletely top plate. Bottom fillet filed off.
9300 lbs/1in?
9500 1bs/1n2
9300 1bs/in?
9700 1bs/in2
9700 1lbs/in® Average 9500 1bs/1n%

*The plates used in this test were tin-plate.
Tests on bright annealvd, terne-plate, brass

and galvanized showed a similar trand.
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In the following tests, the bottom flllets were filed
off, the top fillet filed flugh with the top plate, so as
t0 keep & fillet size and shape 23 nearly oonstant as
possible.

The results of the fillet tests explained the erratic
results and practiocally nullified all the previous tests.
However, two generalizations could be drawn: (1) mixture
oontaining tin and bismuth gave lower results than had the
alloys with zino; (2) the mixtures oontaining tin and bis-
muth fouled the soldering copper much faster than those
oontaining zinoc. It was thought that the oxidized alloy
was getting into the joint in quantities too large to be
fluxed by the soldering flux. Examination of the worst
tests oonfirmed this.

Inasmuch as some of the soldera seem to oxidire readily,
and moreover, retesting all the mixtures with the now stand-
ardized fillet would be very expensive, it was deoided to
eliminate the worst offenders as regards rapidity of oxida-
tion.

After some experimentation, the following msthod of
olassification was adopted. A thermally oontrolled eleotrio
melting pot was nearly filled with molten lead on which
floated a large oast iron thiock plate. In this plate holes
were drilled partway through. Over these holes, inverted
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porcelain crucible covers were placed. A thermocoupls, con-
nected with the Leeds and Northrup oontrolling potentiometer,
was placed in a hole drilled in the center oi the cast iron
plate.

In the crucible covers were placed the solder mixtures
to be tested. The area exposed to the alr was large com-
pared to the volume of sclder used. (The covers were about
45 mpm, in diameter and about 5 mm, deep. They held about
60 grams of melted solder.)

The solders were weighel before starting the test and
heated to the soldering temperature of 400°C. They were
examined visually frequently during the first hour, and
then hourly for eight hours., If the mixtures were not %oo
badly oxidized aftsr sight hours, the heating was continued
for twenty-four hours. Then the mixtu ¢s were cooled by re-
moving the covers and weighed wian cold. They were replaced
on the hot plate and heated continuously for another twenty-
four hourse, cooled and reweighed. The galn in weight indi-
cated their tendency to oxidize. (Note the oxide film was
not disturbed any more than could be helped during the test.)

Inasmuch a8 the weights of the solders &nd the dlameters
of the covera were very nearly the same, the total gain in
weight, not the galin ip weight per square centimeter, was

used to evaluate the uvxidirzring tendency.
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Table II gives the results of thia evaluation., All
solders containing tin oxidized very rapidly. This oxide
was loosely granular and the alloys were practically 100%

oxidized in oneshalf to two hours. The mixtures contalning

tin alone oxidized the most rapidly, those containing tin
and zinc the least rapidly. By experimentation it was
found that ocadmium-tin part of the mixture was the offender.
The mixtures containing tin will not appear irn the
table below,
Table II
Speo. ___Composition _9%;5_$g_!§15h&_igzgngl
No. = TE5 G4 _fa B 24 Boufe 48 houre
1/2 & 1/2 .0006 « 0007
26 81.7 17.3 1.0 «0008 .0019
4 78,8 19,7 1,6 .00U2 .0008
27 80.7 17.3 2.0 « 0003 0014
2 90.0 6.0 2,0 .0000 .0012
28 79.2 16.8 4.0 .0003 » 0008
29 8l.7 17,3 1.0 .0520 .0628
30 80.7 17,3 2.0 = '
31 79.2 16.8 4.0 «»03583 .0563
12 70.0 20.0 10.0 «0463 .0763
*Crucible of solder #%g troke during cooling
1 and test was lost,
SN
B
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Table II (Cont'd)

Spec. ______ Compopition ____ @ain in Weight (gramg)
_No. _Pb _C4  _Zn_  _Bi_ 24 hours 48 hours
37 79.2 16.8 2,0 2.0 0024 + 0043

o8 7.6 16.4 2.0 4,0 0029 « 0050

14 71,6 21.4 2,0 5.0 «0060 0108

o9 74,3 15,7 2.0 8.0 0032 .0071

16 67.8 20,2 2.0 10.0 0069 .0117

41 75.9 16.1 4.0 4.0 0000 «0047

42 72,6 15,4 4.0 8.0 «0044 0103

From the above table it will be noted that the mixtures
of lead cadmium and zinc oxidize slowly, e.g., the oxide
film protects the underlying liquid. The mixtures con-
taining lead, cadmium and bismuth oxidize fairly rapidly.

The mixtures containing lead, cadmium, zinoc, and bisauth oxidize
more rapidly than those without bigmuth, but much lees rapidly
than those without zinc, and the more the amount of zinc the
less i¢ the oxidation. This means that the oxide film

canged by the added zinoc is continuous and fairly impervious
to oxygen.

As a result of this test, all mixtures containing tin
and mixtures with bigmuth, with less than 4% of zino, were
discontinued, and the mixtures containing biswuth with




4% zino were viewed with disfavor. Thig left five mixtures
containing only zinc additions and two doubtful ones cone
taining both bismuth and zine.

Because of the pressure of other work, the study of
tinless solders was diecontinued for eeveral monthe.

When this investigation was resumed, the plate stock

had rueted or oxidized considerably. The usual method of
cleaning was used but very erratic results were obtained,
Exeamination of the fractured joints showed that there were
numerous areas that had not been wet by the solder, thersby
acocounting for the erratic and nonduplicating reeults.

Inasmuch as several of the plates (tin-plate, terne-
plate and galvanized iron) had coatings, it was impossible
to use emery cloth om them to completely remove the rust
or oxidized filme without danger of cutting through and
removing the coatings. In other vords, these three would
become virtually bright annealed sheets with probably
a little of the ocoating left here and there,

Various chemicals were tried, such as hydrochloric, nitrio,
acetic and sulphuric acids, ammonia, sodius hydroxide, etoc.,
both cold and hot, and in various oconcentrations, with poor
results on some of the plates. Finally, the following proe
cedures was adopted with good results, provided the cleaned

] plates were used within a few hours after treating.
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Ordinary zinc chloride soldering flux was heated
nearly to boiling. Tiis hot solution was rubbed over the
surface of the plate to be soldered. After a few minutes,
the surface was clean and bright. The trevated plates were
then washed with water and quickly dried. The plates were
now ready to use. If used in a few hours after this cleaning,
the flux put on at the time of soldering was sufficient to
take care of the oxide film which formed between the time
of oleaning and soldering. Thies oleaning operation did
not seem to cut through the original coatings on the plates.
Therefore, the tests were of the solder on these coatings
and not of the solder on the sheet iron base material,

The following tables give the results of asoldering
the plates after the above cleaning, using & 1/8" lap, a
goldering temperature of 400°C, a soldering time of thirty
seconds with the .015", and sixty seconde with the .035" thick
plates. The laps were pressed together while soldering with
an effective weight of five pounds. The soldering flux was
zino chloride made by "killing" 1.1 sp. gr. HCl with ziao,
The fillets were: top-convex, flush with top plate; bottom-
filed off. An example of the variations of the individual
tests using the above procedure is given in Table III.

Solder - half and half. Material- ,0156" thick bright annealed

plate.
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TABLE III
Tensile Strength Vean Deviation
in She
lbs/1in 1bs/in®
65500 - 360
6080 + 230
6080 + 230
5830 - 20
5830 - 20
6000 + 150
6080 + 230
5500 - 350
5600 - 360
6830 - 20
5830 - 20
5745 ~ 1C8
6000 + 150
1 6830 - 20
é 6080 + 230
] 5600 - 350
5830 - 20
' 5746 - 106
E 6080 + 230
6080 + 230
. Ave. 5880 Ave, + 170 i
-18-
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To give tables of the individual tests for &ll the
so~iers and the various plates would make & tiresome
report to read, so a ocondensed table showing the averages
is given. All of the averages are within an average mean

deviation of + 200 lbs/inZ,
Table IV

.016" Plate Thickness

Material* 1/2 & 1/2 0% Zn 1% Zn 11/282Zn 28 Zn 4% 2p

B.A. 6850 6110 6480 6600 6400 6610

7 6700 6200 6200 6600 6400 65610

Tr 6300 5800 6500 7260 6800 6700

B 6400 6900 6900 6800 6700 6700

G 8100 4800 4600 4900 6300 4900

Table V
.035" Plate Thickneess

Material®* 1/2 &£ 1/2 0f2n 1%2Zn 11/282Zn 282n 4% 2n

B.A. 7480 10000 10680 11100 10600 10600

T 7700 8700 7600 8300 6800 7600

r 5400 5400 6000 5360 5400 6200

B 6700 10000 10500 10800 10000 10100

¢ 7140 6400 6600 6110 6180 6000
All values given under the various solders are lbs/in®,
®B.A. = Bright Anneal Sheet Iron B = Braes (sheet)

T = Tin-plate G = Galvanized iron

Tr = Terne-plate

-l
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Graphs, Figures 1 = 5 inclusive, show the above data
plotted as plate material vs. solder composition. Both
light and heavy plate of the same material are plotted
on the graphs.

Graphs, Figures 6 - 11 inclusive, show the above data,
but plotted so that each solder is plotted againetl the

various materials on the same graph.

Discussion
It will be observed that no one solder is besgt for

all materials. However, the mixture containing 1 1/2% zinc
comes nearest to that condition. Ths uncoated plate Jjoints
are very much stronger (especlally the heavy plates) when
soldered with leade=cadmium-zinc solders than wiih the
standard half and half solder. The coated plate Jjoints
(especially the light plates) when soldered with lead-
cadmiun-zinc solders are about equal to half and half
soldered joints. Ths high temperature required in soldering
the lead-cadmium~zinoc solders probably oxidizes the coatings
more than when half and half solder is used. This may
explain why the coated plates do not show such superiority
over nalf and half solders as the uncoatsd plates do.

The tsnsils strength of soldersd lap Jjoints using the
eutectic proportions of lead and cadmium with 1 1/2 - 2%
zinc added 1s equal to (and with the uncoated materials tried,

-l4-
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far superior to) the strengths of joints soldered with
50% lead and 50% tin solder, but the soldering operation
demsnds a considerable higher %‘emperature, How thege solders
will ocompare in shook and oorrosion resistance is unknown
and should be lnvestigated.

In spite of the faot that half and half solder has been

used for years and by many artisans, few oan make soldered

;\ lap Joints whioh can be duplioated quantitatively in ctrengthb.
E In order to get reasonable duplioation, many oonditions gov-

\ erning soldering had to be investigated. Probably there are
many more as yet unknown., Among those investigated were:

G biad

soldering oopper temperature, length of time the solder must
' be kept melted vs. thickness of the plate, thickness of the
s solder layer between the plates, width of lap, removal of

? oxide films on old stoock, etc,

Sheet zinc was also soldered successfully but in all
tests of soldered lap Joints, the joints were stronger than
the zins sheet itself (fracturea always ooccurred in the zino,
never in the joint), so the study of soldered lap Jjoints
of sheet zino was discontinued,

Respeotfully submitted,
/(?/CMIJ-—J

H. G. Carter,
Asgoc. Metallurgist.
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